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(Regular Article)
Epithelial-mesenchymal transition in tumor cells is correlated with
prognosis, and activated intra-tumor immunity is correlated with
chemo-sensitivity in breast cancer patients with a non-pathological
complete response to neoadjuvant chemotherapy
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ABSTRACT To clarify whether changes in biological features of breast tumor cells and
intra-tumor immunity after neoadjuvant chemotherapy (NAC) may correlate with pathological
responses and prognosis in breast cancer patients treated with NAC, we investigated various
biomarkers using both pre- and post-NAC tumor samples. The study subjects were 24 primary
breast cancer patients, who were treated with NAC at the Department of Breast and Thyroid
Surgery, Kawasaki Medical School Hospital between 2010 and 2011. All of them had a non-
pathological complete response (non-pCR) to NAC and their pre- and post-NAC tumor samples
were available for biomarker assays. Ki67 labeling index, apoptosis, factors related to cancer
stem cells and epithelial-mesenchymal transition, tumor infiltrating lymphocytes (TILs), and
expression levels of CD8, CD4, FoxP3, PD-L1, and PD-1 were studied using paired samples.
Biological characteristics of residual tumors, such as nuclear grade (NG) and vascular invasion
(v), were also investigated. The median age was 53 years-old and 14 patients had stage Il
tumors, while 10 had stage Il tumors. A higher expression level of CD8, CD4, or PD-1 in pre-
NAC samples, and of CD8, CD4, or PD-L1 in post-NAC samples, was significantly correlated
with a better pathological response to NAC. Positivity of ZEB1, vimentin, and v, or a high
NG in post-NAC samples, was significantly correlated with either worse disease-free survival
(DFS) or worse overall survival (OS) by univariate analyses. Multivariate analyses for DFS and
OS revealed that positivity for v and vimentin expression in residual tumors were independent
prognostic factors in this study. These findings indicate that activated intra-tumor immune
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microenvironments may play significant roles in pathological responses to NAC, and that the

up-regulation of vimentin and v-positivity in residual tumors may be pivotal prognostic factors in

non-pCR cases to NAC.
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INTRODUCTION

Neoadjuvant chemotherapy (NAC) has been
widely used for down-staging of locally advanced
breast cancer, expanding indications for breast-
conserving surgery and / or selecting response-
guided adjuvant therapy in patients with primary
breast cancer . Pathological complete response
(pCR), residual cancer burden (RCB), clinical-
pathologic scoring system (CPS), and biological
features of residual tumors have been used as
measures of the efficacy of NAC and could predict
the outcome of the patients278>. It is well known
that breast cancer patients with pCR to NAC have
a significantly better outcome than those with
non-pCR to NAC ) Additional postoperative
adjuvant therapies are clearly needed to improve
the outcome of non-pCR patients. However, a
section of non-pCR patients have a relatively better
outcome after standard adjuvant therapy. In such
patients, additional adjuvant therapy is unnecessary.
Therefore, an accurate prediction of the outcome of
non-pCR patients is needed for better personalized
medicine.

It is known that the anti-tumor activity of NAC
depends not only on the sensitivity of breast tumor
cells to chemotherapy, but also on the status of intra-
tumor microenvironments, such as immunological
responses against tumor cells. The tumor cell
proliferation rate, such as the Ki67 labeling index
(LI), and intrinsic subtypes of tumor cells are
reported to be important predictors for responses to
NAC® ', Intra-tumor immunity, such as the amount
and distribution of tumor-infiltrating lymphocytes
(TILs), and CD8-, CD4-, FoxP3-, PD-L1-, or PD-

1-positive cells have been reported to correlate with

responses to NAC"Y.

In this study, we investigated various biological
factors related to cell proliferation, apoptosis,
cancer stem cells, epithelial-mesenchymal transition
(EMT), and intra-tumor immune microenvironment
using both pre- and post-NAC breast tumor
samples in patients with non-pCR to NAC. Their
pre- and post-NAC status and changes after NAC
were analyzed to explore the relationships among
pathological responses to NAC and patients’
outcome, such as disease-free survival (DFS) and

overall survival (OS).

PATIENTS AND METHODS
Characteristics of the study subjects

A total of 35 primary breast cancer patients
were treated with NAC between January 2010
and December 2011 at the Department of Breast
and Thyroid Surgery, Kawasaki Medical School
Hospital. The subjects of this study were 24 patients
out of the 35 patients who had non-pCR to NAC.
Breast tumor samples both before NAC (core-needle
biopsy samples) and after NAC (surgically excised
samples) were available for the examinations of
various biological factors.

The median age of the subjects was 53 years-
old (range: 30 - 67). Ten patients had stage II and
14 had stage III breast cancer before NAC. There
were 23 cases of invasive ductal carcinomas and
1 case of invasive lobular carcinoma after NAC.
The tumors were categorized as hormone receptor
(HR)-negative and human epidermal growth factor
receptor (HER)Z2-negative subtype in 10 patients,
HR-positive and HER2-negative subtype in 10
patients, HR-negative and HER2-positive subtype
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in 2 patients, and HR-positive and HERZ-positive
subtype in 2 patients after NAC. The clinical
response rate was 50%, and pathological responses
were categorized as grade 0 in 1 patient, grade 1 in
17 patients, and grade 2 in 6 patientle) (Table 1).
NAC was administered with epirubicin +
cyclophosphamide (EP) in 7 patients, EP + docetaxel
+ doxifluridine (DF) in 15 patients, EP + DF with
trastuzumab in 1 patient, and DF + trastuzumab in
1 patient. Total mastectomy was performed in 19
patients and breast-conserving surgery in 5 patients.
Axillary dissection was performed in 23 patients
and sentinel node biopsy in 1 patient. For the
postoperative adjuvant therapy, radiotherapy was
performed in 12 patients, endocrine therapy in 12
patients, and trastuzumab therapy in 4 patients. The
median observation time was 103 months for DFS

and 110 months for OS, respectively. Recurrence

Table 1. Patient characteristics.

Number of
Patients
Age ( 10) <50 11
¢ (years-o
s >50 13
Clinical st 11 10
inical sta,
ea stage 1 14
HR-positiveHER2-negative 10
HR-positiveHER2-positive 2
Subtype . .
HR-negativeHER2-positive 2
HR-negativeHER2-negative 10

HR, hormone receptor.

and cancer-related death were observed in 12 and 8

out of the 24 patients, respectively,

Biomarker measurements and evaluations

To explore pre- and post-NAC status and changes
after NAC in various biological factors either in
tumor cells or intra-tumor microenvironments, we
investigated, using both pre-NAC and post-NAC
samples, Ki67LI as a cell proliferation marker,
apoptosis in tumor cells by the TUNEL method,
expression levels of ZEBI and vimentin in tumor
cells as EMT markers, those of Bmi-1 and aldehyde
dehydrogenase (ALDH) in tumor cells as cancer
stem cell markers, and stromal TILs and expression
levels of CD8, CD4, FoxP3, PD-L1, and PD-1 in
tumor tissues as immunological biomarkers. Stromal
TILs were evaluated from hematoxylin and eosin
stained sections of tumor samples using a previously
published method" . Briefly, quantification of TILs
in the tumor stroma was recorded as a percentage
of the occupied stromal areas. The procedures and
conditions to examine the other biomarkers are
shown in Table 2.

Positive or negative cut-off values were defined
as 20% for Ki67LI in nuclear staining, 1% for
apoptosis, 10% for ZEBI in cytoplasmic staining'”,
25% for E-cadherin in membrane stainingm,

10% for vimentin in cytoplasmic staining'®, 50%

Table 2. Reagents, procedures, and conditions for the measurement of biomarkers tested in this study.

Biomarkers Providers Clone Conditions
Ki67 Dako MIB-1 Following provider's recommendation
TUNEL Exalpha Not applicable Following provider's recommendation
ZEB1 SantaCruz H-102 Dilution, X 200; incubation, 4 C , overnight
E-Cadherin Dako NCH-38 Dilution, X 100; incubation, room temperature, 30 min
Vimentin (Ready to Use) Dako V9 Dilution, X 1; incubation, room temperature, 30 min
Bmi-1 Abcam EPR3745(2)  Dilution, x 400; incubation, room temperature, 60 min
ALDH BD 44/ALDH  Dilution, X 100; incubation, 4 ‘C , overnight
CD4 Thermo 4B12 Dilution, X 10; incubation, room temperature, 60 min
CD8 Thermo SP16 Dilution, X 50; incubation, 4 C , overnight
FoxP3 Abcam 236A/E7 Dilution, X 100; incubation, 4 ‘C , overnight
PD-L1 Abcam 28-8 Dilution, X 200; incubation, room temperature, 60 min
PD-1 Abcam NAT105 Dilution, X 100; mechanical staining

ALDH, aldehyde dehydrogenase.
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Table 3. Correlations between subtypes and biomarkers in pre-NAC samples.

Biomarkers ER—postivel/ ER—positi'Vle/ ER—negati'v'e/ ER—negativg/ SFatistical
HER2-negative = HERZ2-positive HERZ2-positive HERZ2-negative difference

Ki67LI < 20% 3 2 0 2 NS ™
= 20% 6 0 2 8

Apoptosis < 1% 7 0 1 3 NS
= 1% 3 2 1 7

ZEB1 < 10% 10 2 2 10 NS
= 10% 0 0 0 0

Vimentin < 10% 10 2 2 10 NS
= 10% 0 0 0 0

E-cadherin < 25% 2 0 0 1 NS
= 25% 8 2 2 9

Bmi-1 < 50% 1 0 0 4 NS
= 50% 9 2 2 6

ALDH < 10% 9 2 1 8 NS
= 10% 1 0 1 2

TILs < 50% 10 0 1 8 NS
= 50% 0 2 1 2

PD-L1 Scores 0-3 9 1 1 4 NS
Score 4 1 1 1 6

PD-1 Score 1 or 2 9 2 1 7 NS
Score 3 1 0 1 3

CD8 Score 1 or 2 10 2 1 7 NS
Score 3 0 0 1 3

CD4 Score 1 or 2 10 2 1 8 NS
Score 3 0 0 1 2

FoxP3 Score 1 or 2 10 2 1 8 NS
Score 3 0 0 1 2

* NS, not significant.

for Bmi-1 in nuclear staining, 10% for ALDH in
cytoplasmic staining, and 50% for stromal TILs.
A score of 4, based on the combined positive score
system recommended by the recommendation
by Agilent Dako Co., was defined as positive for
PD-L1 staining. Immune staining for CD8, CD4,
FoxP3, and PD-1 was categorized as scores of 1 to
3 (weak to strong) and a score of 3 was defined as
positive. Changes in the expression levels of these
biomarkers were defined by increases, no change
or decreases. Either DFS or OS of patients with the
increases was compared with those with no change
or the decreases.

Following the evaluation criteria defined by the
Japanese Breast Cancer Societyw, pathological
responses to NAC were categorized as grade 0 to

3 (no response to pCR). Grade 2 (strong degraded

changes in invasive tumor cells in more than two-
thirds of the tumor area or near pCR status) was
defined as a better response, and grade 0 or 1 was
defined as a poor response in non-pCR samples in
this study.

Positivity for HR was defined as more than or
equal to 1% in tumor cells. That of HERZ was
defined as 3+ for the immune-histochemical
score or 2+ combined with a positive result for
the fluorescence in-situ hybridization method.
Lymphatic invasion and v were evaluated with
hematoxylin-eosin staining. When necessary,
Elastica-Masson staining or Victoria blue staining
was additionally performed.

Histopathological evaluation was performed by
two certificated pathologists (Y. M and F. S) in a

blinded manner.
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Table 4. Correlations between subtypes and biomarkers in post-NAC samples.

Biomarkers ER—postivel/ ER—positi'Vle/ ER—negati'v'e/ ER—negativg/ SFatistical
HER2-negative = HERZ2-positive HERZ2-positive HERZ2-negative difference

Ki67LI < 20% 6 0 0 3 NS ™
= 20% 4 2 2 7

Apoptosis < 1% 7 1 1 1 NS
= 1% 3 1 1 8

ZEB1 < 10% 10 2 2 9 NS
= 10% 0 0 0 1

Vimentin < 10% 10 2 2 7 NS
= 10% 0 0 0 3

E-cadherin < 25% 5 0 0 2 NS
= 25% 5 2 2 8

Bmi-1 < 50% 1 0 0 4 NS
= 50% 9 2 2 6

ALDH < 10% 7 2 0 6 NS
= 10% 3 0 2 4

TILs < 50% 10 2 1 8 NS
= 50% 0 0 1 2

PD-L1 Scores 0-3 7 1 1 8 NS
Score 4 3 1 1 2

PD-1 Score 1 or 2 9 2 1 9 NS
Score 3 1 0 1 1

CD8 Score 1 or 2 10 2 1 7 NS
Score 3 0 0 1 3

CD4 Score 1 or 2 10 2 2 10 NS
Score 3 0 0 0 0

FoxP3 Score 1 or 2 10 2 1 9 NS
Score 3 0 0 1 1

* NS, not significant.

Statistical analysis

The relationships between pathological responses
to NAC and pre- or post-NAC status or changes
in various biomarkers were analyzed using the
contingency table and chi-square test or Fisher's
exact test. Univariate analysis of DFS and OS was
performed using the Kaplan-Meier method and
logrank test. Multivariate analysis was performed
using the Cox proportional hazards model. The
final regression model was selected using the
forward stepwise method. P < 0.05 was defined
as statistically significant. Because the number of
subjects was limited in this study, a trend toward
statistical difference was defined as a P-value
greater than or equal to 0.05 and less than 0.10. All
statistical analyzes were performed using StatView
computer software J 5.0 (ATMS Co., Tokyo, Japan).

RESULTS
Correlations between breast cancer subtypes and
biomarkers

To clarify whether the expression levels of
biomarkers differ among breast cancer subtypes,
correlations between the subtypes and biomarker
expression were analyzed. As shown in Tables 3 and
4, there was no significant correlation between the
subtypes and positivity of biomarkers in either pre-

or post-NAC samples.

Correlations between biomarkers and pathological
responses to NAC

Biomarker analyses using pre-NAC samples
revealed that positivity for CD8, CD4, or PD-1
expression was significantly correlated with a

better pathological response to NAC? (Table
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Table 5. Correlations between biomarkers and pathological responses to NAC in pre-NAC samples analyzed by the logrank test.

Biomarkers Number of cases Rate of grade 2 P-value

Ki67LI < 20% 8 25% NS *
= 20% 15 27%

Apoptosis < 1% 7 14% NS
= 1% 17 29%

ZEB1 < 10% 24 25% NA ™™
= 10% 0

Vimentin < 10% 24 25% NA
= 10% 0

E-cadherin < 25% 3 0% NS
= 25% 21 29%

Bmi-1 < 50% 5 0% NS
= 50% 19 32%

ALDH < 10% 20 25% NS
= 10% 4 25%

TILs < 50% 21 19% 0.0748 (trend)
= 50% 3 67%

PD-L1 Scores 0-3 15 13% 0.0884 (trend)
Score 4 9 44%

PD-1 Score 1 or 2 19 11% 0.0014
Score 3 5 80%

CD8 Score 1 or 2 20 15% 0.0114
Score 3 4 75%

CD4 Score 1 or 2 21 14% 0.0053
Score 3 3 100%

FoxP3 Score 1 or 2 21 19% 0.0748 (trend)
Score 3 3 67%

* NS, not significant; ** NA, not assessable.

Table 6. Correlations between biomarkers and pathological responses to NAC in post-NAC samples analyzed by the logrannk test.

Biomarkers Number of cases Rate of grade 2 P-value

Ki67LI < 20% 9 33% NS*
= 20% 15 20%

Apoptosis < 1% 10 30% NS
= 1% 13 23%

ZEB1 < 10% 23 26% NS
= 10% 1 0%

Vimentin < 10% 21 29% NS
= 10% 3 0%

E-cadherin < 25% 7 14% NS
= 25% 17 29%

Bmi-1 < 50% 5 0% NS
= 50% 19 32%

ALDH < 10% 15 27% NS
= 10% 9 22%

TILs < 50% 21 19% 0.0748 (trend)
= 50% 3 67%

PD-L1 Scores 0-3 17 12% 0.0196
Score 4 7 57%

PD-1 Score 1 or 2 21 24% NS
Score 3 3 33%

CD8 Score 1 or 2 20 15% 0.0114
Score 3 4 75%

CD4 Score 1 or 2 24 25% NA **
Score 3 0

FoxP3 Score 1 or 2 22 23% NS
Score 3 2 50%

*NS, not significant; ** NA, not assessable.
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Fig. 1. Representative microphotographs of stromal TILs and immunostaining for CD8
in the study samples (X 200, HPF). A. The level of stromal TILs was more than 50%
in this sample. B. The level of stromal TILs was less than 10% in this sample. C. More
than 50% of stromal TILs showed positive staining for CD8 in this sample. D. No
stromal TILs showed positive staining for CD8 in this sample. TILs, tumor infiltrating

lymphocytes.

5). In addition, the positivity of TILs, PD-L1, or
FoxP3 tended to correlate with grade 2 (Table 5).
In contrast, no other pre-NAC biomarker, such as
cell proliferation or apoptosis, correlated with the
response to NAC (Table 5).

Similarly, biomarker analyses using post-NAC
samples revealed that positivity for CD8 and PD-L1
significantly correlated with grade 2 (Table 6). The
positivity of TILs tended to correlate with grade 2
(Table 6).

Changes such as an increase in biomarker levels
after NAC did not correlate with grade 2 at all (data
not shown).

Representative microphotographs of TILs and

immunostaining for CD8 are shown in Fig. 1.

Correlations between biomarkers and DFS

Univariate biomarker analyses using pre-NAC
samples revealed no significant correlation with
DFS in this study's subjects (Table 7).

Univariate biomarker analyses using post-NAC

samples revealed that positivity for the EMT-related
factors ZEB1 and vimentin, NG 3, and v-positive
(v+) was significantly correlated with a worse DFS
(Fig. 2Aand 2C). In addition, histological grade
(HG) 3 tended to be correlated with a worse DFS
(Table 8).

Increases in the expression levels of the EMT-
related factors ZEB1 and vimentin were significantly
correlated with a worse DFS by univariate analysis
using the logrank test (Table 9).

Multivariate biomarker analyses by the Cox
proportional hazards model using pre-NAC and
post-NAC samples and changes in biomarker levels
revealed that v+ in post-NAC samples and an
increase in the expression level of vimentin were
independent predictive factors for worse DFS. The
hazard rate (HR) was 7.52, the 95% confidence
interval (CI) was 3.01 - 32.26, and P = 0.0070 for
v+. HR was 4.69, the 95% CI was 1.08 - 20.41, and
P =0.0388 for the vimentin increase.

Representative microphotographs of



8 Kawasaki Medical Journal

Table 7. Correlations between biomarkers and DFS/OS in pre-NAC samples analyzed by the logrank test.

. DFS oS
Biomarkers Number of cases
P-value P-value

Ki67LI <20% 8 NS * NS
> 20% 15

Apoptosis <1% 7 NS NS
>1% 17

ZEB1 <10% 24 NA " NA
>10% 0

Vimentin <10% 24 NA NA
>10% 0

E-cadherin <25% 3 NE *** NE
> 25% 21

Bmi-1 <50% 5 NS NS
>50% 19

ALDH <10% 20 NS NS
>10% 4

TILs <50% 21 NE NE
>50% 3

PD-L1 Scores 0-3 15 NS NS
Score 4 9

PD-1 Score 1 or 2 19 NS NS
Score 3 5

CD8 Score 1 or 2 20 NS NS
Score 3 4

CD4 Score 1 or 2 21 NS NS
Score 3 3

FoxP3 Score 1 or 2 21 NE NE
Score 3 3

ok ok

* NS, not significant; “*NA, not assessable; NE, not evaluable.
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Fig. 2. Correlation between biomarkers and DFS / OS. The Kaplan-Meier method and logrank test revealed the following. (A)
DFS was significantly worse in patients with vimentin-positive post-NAC tumors compared with those with vimentin-negative
post-NAC tumors (P = 0.0255). (B) OS was significantly worse in patients with vimentin-positive post-NAC tumors compared
with those with vimentin-negative post-NAC tumors (P = 0.0050). (C) DFS was significantly worse in patients with v-positive
post-NAC tumors compared with those with v-negative post-NAC tumors (P = 0.0019). (D) OS was significantly worse in
patients with v-positive post-NAC tumors compared with those with v-negative post-NAC tumors (P = 0.0032). DFS, disease-
free survival; NAC, neoadjuvant chemotherapy; OS, overall survival; v, vascular invasion.
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Table 8. Correlations between biomarkers and DFS/OS in post-NAC samples analyzed by the logrank test.

Biomarkers Number of cases DFS 08
P-value P-value
Ki67LI < 20% 9 0.0831 NS*
= 20% 15
Apoptosis < 1% 10 NS NS
= 1% 13
ZEB1 < 10% 23 0.0014 0.0014
= 10% 1
Vimentin < 10% 20 0.0255 0.005
= 10% 4
E-cadherin < 25% 7 NS NS
= 25% 17
Bmi-1 < 50% 5 NS NS
= 50% 19
ALDH < 10% 15 NS NS
= 10% 9
TILs < 50% 21 NE *** NE
= 50% 3
PD-L1 Scores 0-3 17 NS NS
Score 4 7
PD-1 Score 1 or 2 21 NS NE
Score 3 3
CD8 Score 1 or 2 20 NE NE
Score 3 4
CD4 Score 1 or 2 24 NA*® NA
Score 3 0
FoxP3 Score 1 or 2 21 NE NS
Score 3 3
ly Negative 6 NE NE
Positive 18
v Negative 20 0.0019 0.0032
Positive 4
NG lor2 11 0.0446 0.0250
3 12
HG lor2 12 0.0924 (trend) 0.0696 (trend)
3 11
pN Negative 11 NS NS
Positive 13

*NS, not significant; **NA, not assessable; ***

immunostaining for ZEB1 and vimentin are shown

in Fig. 3.

Correlations between biomarkers and OS
Univariate biomarker analyses using pre-NAC
samples revealed no significant correlation with OS
in this study's subjects (Table 5).
Univariate biomarker analyses using post-NAC
samples revealed that positivity for ZEB1 and

vimentin, NG 3, and v+ was significantly correlated

NE, not evaluable.

with a worse OS (Fig. 2B and 2D). In addition, HG
3 tended to be correlated with a worse OS (Table 6).

Increases in the expression levels of ZEB1 and
vimentin were significantly correlated with a worse
OS by univariate analysis using the logrank test
(Table 7).

Multivariate biomarker analyses by the Cox
proportional hazards model using pre-NAC and
post-NAC samples and changes in biomarker levels

revealed that v+ in post-NAC samples and an
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Table 9. Correlations between changes in biomarkers and DFS/OS analyzed by the logrank test.

Biomarkers Number of cases DFS o8
P-value P-value
Ki67LI Increase 10 NS * NS
No change 0
Decrease 13
Apoptosis Increase 12 NS NS
No change 0
Decrease 12
ZEB1 Increase 1 0.0014 0.0014
No change 23
Decrease 0
Vimentin Increase 3 0.0255 0.0050
No change 21
Decrease 0
E-cadherin Increase 1 NS NS
No change 16
Decrease 5
Bmi-1 Increase 5 NS NS
No change 12
Decrease 7
ALDH Increase 8 NS NS
No change 8
Decrease 6
TILs Increase 6 NS NS
No change 5
Decrease 13
PD-L1 Increase 5 NS NS
No change 3
Decrease 16
PD-1 Increase 5 NS NS
No change 3
Decrease 16
CD8 Increase 5 NS NS
No change 13
Decrease 6
CD4 Increase 1 NE *** NE
No change 8
Decrease 13
FoxP3 Increase 3 NS NS
No change 16
Decrease 5

*NS, not significant;

ok ok

NE, not evaluable.

increase in the expression levels of vimentin were
independent predictive factors for worse OS. HR
was 12.2, the 95% CI was 2.19 - 66.67, and P =
0.0043 for v+. HR was 14.2, the 95% CI was 2.23 -
90.91, and P = 0.0048 for the vimentin increase.
These findings indicated that all prognostic factors

for DFS and OS based on multivariate analyses

were almost identical in this study.

DISCUSSION

To predict the outcome of non-pCR patients to
NAC, several predictors have been investigated.
One simple predictive system is the CPS. The CPS

includes only clinical and pathologic American
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Fig. 3. Representative microphotographs of immunostaining for ZEB1 and vimentin
in the study samples (X 200, HPF). A. More than 10% of tumor cells showed positive
cytoplasmic staining for ZEB1 in this sample. B. No tumor cells showed positive
staining for ZEBI in this sample. C. More than 10% of tumor cells showed positive
cytoplasmic staining for vimentin in this sample. D. No tumor cells showed positive

staining for vimentin in this sample.

Joint Committee on Cancer (AJCC) substages.
This system emphasized that the addition of post-
NAC pathological substaging to pre-NAC clinical
substaging significantly improved prediction of
the outcome of patients treated with NAC. In
addition, further analysis revealed that estrogen
receptor-negative and NG 3 were independent risk
factors for poor prognosis, and these variables
were added to the CPS to create a second scoring
system, the CPS-EG system. The CPS-EG system
provided a significantly more accurate prediction
of the outcome™®. The other widely-used system to
improve prognostic information in patients treated
with NAC is the RCB. The RCB is calculated
as a continuous index combining pathologic
measurements of the primary tumor and nodal
metastases. The RCB was independently prognostic
for distant relapse-free survival in a multivariate
model including a pCR category and can be used
to define categories of near-complete response and

chemotherapy resistance Y. Recently, a large, pooled

analysis indicated that RCB was independently
prognostic in all subtypes of breast cancer, and
generalisable to multiple practice settingsm.
Furthermore, a number of biomarkers and their
combination with standard clinico-pathological
factors, such as nomograms, have been reported
to improve the outcome prediction of breast
cancer patients with non-pCR to NAC. These
biomarkers include the tumor cell proliferation
marker Ki67LI, the cancer stem cell marker ALDH,
the EMT markers ZEB1 and vimentin, the intra-
tumor immune microenvironment marker TILs,
the immune check point inhibitor PD-L1, and
the invasive potential marker lympho-vascular
invasion® " ®® Most of these biomarkers were
investigated in pre-NAC and / or post-NAC samples.
As we hypothesized that changes in biomarker
status after NAC might be important prognostic
factors in patients with non-pCR to NAC, pre- and
post-NAC status and changes in their status were

investigated together in this study.
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Two independent prognostic factors, v+ and
vimentin up-regulation, in post-NAC samples were
selected based on multivariate analysis in this study.
It is difficult to evaluate v in pre-NAC samples due
to the limited quantity of pre-NAC core needle
biopsy samples. Positivity for v in post-NAC
samples may demonstrate the high invasive capacity
of residual tumor cells.

A higher expression level of vimentin in either
pre-NAC samples or post-NAC samples has been
suggested to correlate with worse prognosis in
patients treated with NAC'*”. To the best of our
knowledge, this study suggests for the first time
that the up-regulation of vimentin in residual tumor
cells may render a worse outcome in patients, that
is, recurrence and cancer-related death. However, it
should be noted that vimentin up-relation was found
in only 4 patients with triple-negative breast cancer
(TNBC) in this study. The prognostic roles of up-
regulation of vimentin in residual tumor cells after
NAC should be explored in other subtypes of breast
cancer.

ZEBI is known to bind to the promoter region
of vimentin to control its transcription and mRNA

2 . .. .
% Vimentin is a downstream effector in

multiple EMT-related signaling pathwaysm.

levels

Interestingly, a transcription factor, ZEB1, was
a worse predictive factor for DFS and OS by
univariate analysis in this study. Only 1 patient
with a ZEB1- and vimentin-positive post-NAC
tumor showed recurrence and died of breast cancer
at a very early stage after curative surgery. Further
investigation is clearly needed regarding the
prognostic significance of ZEB]1 in breast cancer
patients with non-pCR to NAC.

Expression of vimentin, an EMT marker, in breast
cancer cells has been indicated to be higher in
TNBCs®. A higher expression level of vimentin in
tumor cells was also reported to frequently make
TNBCs progress during NAC?. Furthermore, some

experimental studies have suggested that vimentin

is involved in the chemotherapeutic treatment-
induced enhancement of TNBC aggressiveness
and the promotion of TNBC invasion and

%3 These findings strongly suggest

metastasis
that vimentin expression may play a pivotal role
in promoting resistance to NAC and metastasis in
TNBCs. Therefore, the up-regulation of vimentin
expression after NAC shown in this study may be
caused by the survival advantage of chemo-resistant
vimentin-positive tumor cells. It is also plausible
that vimentin-positive TNBC cells preferentially
induce metastasis, recurrence, and cancer-related
death. Vimentin could be considered as a new target
in preventing drug resistance and recurrence of
TNBCs.

Pre- and post-NAC status and changes after NAC
in intra-tumor immune-related factors, TILs, and
CD8, CD4, FoxP3, PD-L1, and PD-1 did not show
any significant correlation with DFS and OS in this
study (Tables 1 - 3). A higher proportion of stromal
TILs and a higher expression of PD-L1 in tumor
tissues after NAC have been reported to correlate
with a better outcome in patientsm‘ 2, Negative
results of the prognostic roles of these immune-
related factors in this study may be caused by the
limited number of subjects and the distribution of
subtypes in the breast tumors tested.

Recent studies have shown that the anti-tumor
activity of NAC depends not only on tumor cell
sensitivity to chemotherapy, but also on intra-
tumor microenvironments such as immune-related

1
factors™”

. As pathological responses to NAC in non-
pCR cases seemed to be quite different between
grade 2 (a relatively strong response) and grade
0 or 1 (no or a weak response) according to the
evaluation criteria defined by the Japanese Breast
Cancer Societym, we decided to investigate the
relationships among pre- and post-NAC biomarker
status, their changes after NAC, and the pathological
response grade 2 in subjects of this study. Although

any biomarkers related to tumor cell characteristics,
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such as Ki67LI, were not significantly correlated
with pathological responses to NAC, the positivity
of TILs, CD8, CD4, PD-L1, and / or PD-1 in either
pre- or post-NAC samples was associated with
a significantly better response (Tables 3, 4). The
concordance rate of positivity for TILs, CD8, CD4,
PD-L1, or PD-1 expression between pre-NAC and
post-NAC samples was 83.3%, 83.3%, 91.7%,
58.3%, and 79.2%, respectively. It was indicated
that expression levels of immune-related factors did
not change remarkably after NAC in tumor tissues.
These findings suggest that the activation of intra-
tumor immunity in pre-NAC tumors may play a
role in the anti-tumor activity of NAC, and that the
activation may not be strongly influenced by NAC
in tumor tissues.

There are several limitations to this study,
including the small number of study subjects, the
fact that the NAC protocols and distribution of
subtypes were not homogeneous, and the limited
number of biomarkers tested. In particular, the
effects of biomarker status in tumor tissues on the
responses to NAC and the outcome of patients
seemed to depend on the subtype classification of
breast cancers'’. As previously described, the up-
regulation of vimentin may play an important role
in the outcome of patients with TNBCs. Validation
studies to clarify the prognostic utility of vimentin
expression are clearly needed using each subtype
of breast cancers. However, this small-scaled
exploratory study has indicated that activated intra-
tumor immune microenvironments may play an
important role in pathological responses to NAC,
and that the up-regulation of vimentin and v+ in
residual tumors may be pivotal prognostic factors
in non-pCR cases receiving NAC. Enhancement
of intra-tumor immunity before the introduction of
NAC using pre-operative radiotherapy or immune-
potentiating agents might provide a greater anti-
tumor activity of NAC™™Y, Additionally, anti-
EMT agents together with NAC might improve the

outcome of patients with TNBCs® %
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